CHEMISTRY OF THIO-CHOLINE HALIDE (TRIMETHYL 
THIO-ETHYL AMMONIUM HALIDE). 
NEW THIO-CHOLINE BROMIDE AND ITS DERIVATIVES. I. 


By Taichi HARADA. 


Received June 22, 1929. Published August 28, 1929. 


In 1882 Nencki and Sieber“ obtained 4-methyl]-2-thio-uracil by the 
condensation of thio-urea and acetic ester. List® has shown that 4- 
methyl-2-thio-uracil gives 4-methyl uracil, when heated with concentrated 
hydrochloric acid for a few hours at 150°—160° C. 

Recently Wheeler and Bristol have found that when 2-thio-uracil, 
like other compounds of this class, is boiled with an aqueous solution of 
chloracetic acid, in slight excess, sulphur is easily removed with the 
formation of uracil and thio-acetic acid, the reaction being in accordance 
with the following equations: 


NH—CO NH—CO 
| | | | 
SC CH + CICH,COOH + H20 = OC CH + HSCH,COOH + HCl 
| 


| I | I 
NH—CH NH—CH 


This reaction gives an important means for the replacement of the 
halogen atom by the —SH group. This exchange takes place with more 
difficulty between 4-methyl-2-thio-uracil and bromo-choline bromide than 
between 2-thio-uracil and the bromide. Almost the theoretical yields of 
the corresponding uracils were obtained. The reaction may be formulated 
as follows, for example, in the case of 2-thio-uracil : 


NH—CO 
Me CH + (CH;):NCH2CH2Br + HO 
NH- CH Br 
NH—-CO 
CH + (CH;)sNCH2CH2SH + HBr 
NH—CH Br 


(1) J. Prakt. Chem. N. F., 25 (1882), 72; Behrend, Avin., 229 (1885), 13. 
(2) List, Ann., 236 (1886), 18. 
(3) Am. Chem. J., 33 (1905),°458. 
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However, quantitative thio-choline bromide was not obtained, owing to 
partial formation of the following reaction and also formation of its oxida- 
tion product ; the disulphide, ammonium bromide and a silver derivative of 
the compound in the following purification method. 


























NH-—-CO NH—CO 
| | | | 

SC CH + HBr + H.O = OC CH + HSH + HBr 
I| | II 

NH-—CH NH—CH 


The compound is very hygroscopic in nature, and is very soluble in both 
alcohol and water. The compound is easily oxidized on heating with hydro- 
bromic acid yielding the disulphide. 
2(CH3)sNCH2CH2SH + "0s = (CH;)s;NCH2zCH2S-SCH2CHeN(CHs3)s 
| - | 

Br Br Br 


Its decomposition begins slowly at above 220°C., On continuous heating it 
boils at 243°C. (uncorr.) with a dark brown coloration. The isoelectric point 
of this compound was found to be Py 7.00 by the colorimetric method.” 
It is interesting to note that the compound with an excess of silver oxide 
resulted in a solution containing a strong base, which on neutralizing with 
hydrobromic acid, gave an insoluble, white asbestos-like crystalline salt. 
This salt decomposes into silver bromide and the original type of compound 
on boiling with a strong acti. The mechanism of the formation was not 
clear. However, it appears to be the following formula: 


(CH3)sNCH2CH»SAg-Ag Br 
Br 


It decomposes slowly at above 211°C., and melts and boils at 214°C. 
(uncorr.) with a dark brown coloration, similar to thio-choline bromide. 
The base, in a brown syrup, on drying was supposed to be a hydroxy] 
compound containing silver bromidein the same molecule. With acid the 
aqueous solution precipitates silver bromide. This subject was not studied 
further. 


Experimental Part. 





2-Thio-uracil. The sodium salt of ethyl formylacetate was prepared 
according to Wislicenus’ directions™ as follows: 42 gr. metallic sodium dis- 


(1) Clarke, ‘‘ The determination of hydrogen ions,’’ (1925). 
(2) Ber., 20 (1887), 2931. 
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solved in 500-600 c.c. of dry ether containing 150 gr. of ethyl formate and 
150 gr. of ethyl acetate. The solution was kept cool with running water. 
The reaction took place slowly at the beginning and later it became more or 
less violent, the. solution becoming turbid and light brown in color. This 
was permitted to stand over night and the condensation product was 
filtered through filter paper. The yellow powder-like substance, NaOCH= 
CHCOOC2Hs, was obtained, washed with ether and dried in a dessicater. 
It yielded about 100gr. 75gr. of this salt was treated with 25 gr. of thio- 
urea according to Wheeler and Bristol in saturated aqueous solution form. 
After standing in the cold one hour, it was heated on the steam bath for a 
short time, and then cooled. A yellowish white precipitate weighing about 
25 gr. was separated by acidifying with acetic acid. It was crystallized 
from ammonium hydroxide by boiling with a small quantity of ‘* norit’”’ to 
decolorize it. A portion of this material was crystallized from water until it 
was obtained in colorless monoclinic plates. When heated, it effervesces at 
above 300°C. It is difficultly soluble in water and alcohol but its solubility 
increases by heating the solvents. A second run, for the preparation of 
this material was carried out according to Wheeler and Liddle® as follows: 
70 gr. of saturated aqueous thio-urea solution was added directly to the 
condensation product, NaOCH=CHCOO—C2Hs, in the ethereal solution, 
instead of powdered form, as in the preceding case. About 70 gr. of 2-thio- 
uracil was obtained by this method. 

Bromo-choline bromide. This compound® was prepared according to 
the directions of Hutckiss® by the condensation of trimethylamine with 
ethylene bromide. Trimethylamine (b.p. 3.5°C.) was generated by dropping 
a saturated solution containing 30 gr. of trimethylamine hydrochloride 
slowly into granulated sodium hydroxide. The evolved gas dried over 
KOH, was liquefied at a low temperature by means of ice and salt and 
collected in a cooled pressure bottle containing 50 gr. of redistilled ethylene 
bromide at 130°C. and 15c.c. of toluene. The toluene was added merely to 
prevent the condensation product forming in a hard cake. The pressure 
bottle was corked tightly, placed in an iron frame and allowed to come 
slowly to room temperature. The bottle was placed in a water bath and 
the temperature raised gradually to about 50°C. and held at this temperature 
for three hours or more. Upon cooling, the product was removed; and 
recrystallized from hot 95% alcohol, then washed with ether. It yielded 
about 55¢r. Its decomposition begins at 235°C., and melts and boils at 
238°C. 


(1) Am. Chem. J., 33 (1905), 458. 

(2) Wheeler and Liddle, ibid., 40 (1908), 547. 
(8) Kriiger and Bergell, Ber. 36 (1903), 2901. 
(4) Thesis, Now York University, 1926. 
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Thio-choline bromide. One molecular proportion, or slightly an excess, 
9.6 gr. of bromo-choline bromide, was mixed with one molecular proportion 
5 gr. of 2-thio-uracil or 5.5 gr. of 4-methyl-2-thio-uracil™ in powdered state. 
This was sealed with 25c.c. of water in a closed tube or pressure bottle 
whose capacity was about 150c¢.c. The pressure bottle was framed with an 
iron cage and heated in an oil bath. In order to get a complete reaction it 
was found necessary to heat it for more than two hours at around 150°C. or 
in the case of 4-methy]-2-thio-uracil for several hours at around 170°C. At 
these temperatures the mixtures became a transparent yellowish colored 
solution. On cooling, uracil deposits almost quantitatively. About 4.2 gr. 
of uracil and 4.3gr. of 4-methyl-uracil were obtained respectively. In 
these reactions, a considerable amount of hydrogen sulphide was evolved. 
In order to purify this compound, the mixture of reaction products was 
washed down into a beaker with 95% alcohol, then filtered with suction to 
remove the uracil and the other unreacted insoluble substances. The 
filtrate was evaporated down to about 30 c.c. on the steam bath, then cooled 
with ice for a while, and then filtered again to remove further impurities. 
The filtrate was made up to about 300c.c. with water. The solution thus 
obtained was slightly yellow in color and strongly acidic owing to the 
formation of hydrobromic acid in the reaction. 


It was neutrallized with a base, such as ammonium hydroxide, or care- 
fully with silver oxide, until the solution became slightly acidic. However, 
an excess of silver oxide leads to the formation of a double salt of silver 
derivative of thio-choline bromide and silver bromide, as an insoluble white 
asbestos-like crystalline substance. Therefore, the solution was treated 
with the amount of silver oxide obtained from about 6.6 gr., (one molecular 
proportion) or slightly less, to the HBr acid formed in the above reaction of 
silver nitrate with sodium hydroxide, and then filtered. The filtrate was 
light yellow in color. In order to remove further colored impurities it was 
on some occasions heated with 0.5gr. of ‘‘norit’’ for a short time and 
filtered. With evaporation on the steam bath, and cooling, it gave colorless 
crystals. It may be re-crystallized out from hot butyl alcohol by repeating 
with or without a small amount of 95% alcohol. In this way an average of 
about, 1.5gr., or 19% of thio-choline bromide was obtained as beautiful 
colorless transparent monoclinic plates. It decomposes slowly at above 
220°C. On continuous heating it boils at 248°C. with a dark brown colora- 
tion. If the temperature is maintained at 234°C. it also gives the same 
results using paraffin as the liquid for heating the bath. 


(1) The author wishes to express his thanks to Dr. R.R. Renshaw for his kindness in sup- 
plying this material. 
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10c.c. of 0.005 N. (0.2%) solution of this compound, with water of 
Py 6.80, or with water having Py 7.20, containing a trace of NaOH, gave 
the same Py value, 7.00. Likewise with water of Py 7.00, there was no 
change in its value, using bromo-thymol blue as the indicator. 

The compound is very hygroscopic in nature, 0.2314 gr. of the dried 
substance over P20; increased to 0.2326, 0.2339 and 0.2352 gr. respectively 
after one, two and three hours standing in the air. 


Anal. Subst.=0.2314, 0.2010; AgBr=0.2173, 0.1891 gr. Subst.=0.2163 (Carius’ 
method); BaSO,=0.2541 gr. Found: Br=389.92, 40.07; S=16.1494. Cale. for C;H;,NSBr: 
Br=39.94; S=16.022%. 


Disulphide. When thio-choline bromide was heated for a prolonged 
period with hydrobromic acid, the disulphide was formed, which is a slightly 
yellowish colored syrup and is hygroscopic in nature. It does not form any 
silver derivative and is a less ionizable substance than thio-choline bromide 
in aqueous solution. It may be purified with butyl alcohol. 


Anal. Subst.=0.2286; AgBr=0.2148 gr. Found: Br=40.27%. Cale. for Cy)HogNoS.Bre: 
Br=40.20%. 


Silver derivatives. The formation of a silver derivative of thio-choline 
bromide usually occurred, when the strongly acidic bromide solution was 
treated with an excess of silver oxide and was brought back to a neutral or 
slightly acidic point with HBr acid in alcoholic solution, as stated before. 
The compound is an insoluble white asbestos-like crystalline substance. It 
becomes brown in color at above 211°C., and on continuous heating, melts 
and boils at 214°C. with a dark brown coloration. The compound, like silver 
bromide, is slightly soluble in ammonium hydroxide but is insoluble in acid 
and alcohol. The compound was also obtained when pure thio-choline 
bromide solution was treated with silver oxide and hydrobromic acid, as 
before. However the compound of the basic type, 


(CHs)s—-N—CHz—CH2—S—Ag, was not isolated. 
| 
OH 





The compound precipitated silver bromide completely on boiling with strong 
acid such as hydrobromic, nitric acid, ete. 
The following analytical results were obtained by the following methods. 
1. The substance was decomposed by strong hydrobromic acid on boil- 
ing, into silver bromide. It was found that the filtrate did not precipitate 
silver bromide on heating with concentrated nitric acid. 


Anal. Subst. = 0.2095; AgBr. = 0.1601 gr. Found: AgBr = 76.42%. Cale. for 
C;H,;NSAg.Br.: AgBr=75.91; S=6.48%. 
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2. The compound was decomposed by nitric acid on boiling. The 
filtrate did not give silver bromide with silver nitrate solution. 


Anal. Subst. =0.2252, 0.2088; AgBr=0.1703, 0.1582 gr. Found: AgBr=75.62, 75.77%. 


3. Carius’ method. 


Anal. Subst.=0.2874; AgBr-=0.2178; BaSO,—0.1377 gr. Found: AgBr=75.78; 


S=6.57%. 


Summary. 


1. Thio-choline bromide was prepared by heating bromocholine bromide 
with 2-thio-uracil or 4-methyl-2-thio-uracil with water in a closed tube or 
pressure bottle at 150° and 170°C. for two and five hours respectively. The 
compound is hygroscopic in nature, and is very soluble in both alcohol and 
water. It decomposes at 243°C. on heating. Its isoelectric point was found 
to be 7.00. 

2. By heating with hydrobromic acid the compound is easily oxidized 
to its disulphide, which is asyrupy and less pronounced ionizable substance, 
in aqueous solution. 

3. On treating an aqueous solution of this compound, with an excess 
of silver oxide, and neutrallizing with hydrobromic acid and heating on the 
steam bath, an insoluble white asbestos-like crystalline substance was 
formed. It appears to be the following formula: 


(CH:)s-N—CHz—CH2—S—Ag. AgBr 
| 
Br 


The compound is slightly soluble in alkaline solution. It decomposes at 
214°C. 

In conclusion the autho: wishes to express his appreciation to Prof. 
Renshaw of New York University, who suggested this researth, for his 
advice rendered during this investigation. 


‘ 


Takamine Laboratory Inc., 
Clifton, N. J., U.S.A. 
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ON THE THERMAL DECOMPOSITION OF FATTY 
PRIMARY ALCOHOLS. 
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Received June 26, 1929. Published August 28, 1929. 


M. Berthelot studied the thermal decomposition of ethyl alcohol in 
1851. Since then many works on the line have been done by many different 
researchers. The main reactions may be expressed by the following for- 
mulas: 


IN SE rr eee Ser meee ame (1) 
en. OE SOE, GUE on book ceccwncceewesnsdeuseees (2) 
Se Aer PER AP SERA, noc cccccssccescccessncicssone (3) 


Also the effects of many kinds of the catalysts on the reaction have 
been studied. Some of them having intimate relations with the present 
experiment may be mentioned as references. Sendrens® perceived the 
formation of methyl ether and water by passing methyl alcohol upon 
alumina heated at 300-350° and Inoue” reported the formation of ethylene, 
carbon dioxide and para-formaldehyde by passing the alcohol with air or 
carbon dioxide upon heated Japanese acid clay. 

Ethylene and water were produced from ethyl alcohol by passing the 
alcohol on aluminium oxide at 400°,“ while ethyl ether and water were 
produced by using alumina heated at 240-260° on the reaction.” When 
Japanese acid clay was used as the catalyst on the reaction, ethylene, ethyl 
ether, ester and aldehyde were produced; the catalyst was used in the 
manufacture of ethylene in a semi-industrial scale.” 

n-Propyl alcohol behaves similar to ethyl alcohol on the reaction. On 
passing upon aluminium oxide heated at 560°, n-propyl alcohol gave pro- 
pylene and water as the decomposition products™; and propyl ether was 
the additional product to the above ones, when the reaction was conducted 
under high temperature and pressure. 


(1) Ann. chim. phys., [8] 33 (1851), 295; Ann., 81 (1852), 108. 

(2) Compt. rend., 148 (1909), 928; Bull. soc. chim., [4] 5 (1909), 480. 

(3) This Bulletin, 1 (1926), 197. 

(4) Sabatier and Mailhe, Compt. rend., 146 (1908), 1376; 147 (1908), 106. 

(5) Sendrens, Compt. rend., 148 (1909), 228; Bull. soc. chim., [4] 5 (1909), 480. 
(6) Inoue, this Bulletin, 1 (1926), 198. 

(7) Kashima, Mihara and Takahashi, Japanese Patent, 81,337 (1929). 

(8) Ipatiew, Ber., 36 (1903), 1997. 

(9) Ipatiew, Ber., 37 (1904), 2997. 
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LeBel and Greene” obtained a mixture of two butylenes by dropping 
n-butyl alcohol upon strongly heated zine chloride and Sendrens® gained the 
mixture by passing the alcohol on aluminium phosphate. 


Lemoine” proved the formation of n-amylene by passing n-amy] alcohol 
upon a coal (braise de boulanger) heated at 430°. 


From the above results and others, the reactions may be summarised as 
follows: When aliphatic primary alcohols are thermally decomposed, alde- 
hyde are formed after dehydrogenation and olefines or ethers after dehydra- 
tion. And the formation of ethers seems to occur at lower temperature 
than that of olefines. 

It was presumed, from the standpoint of thermochemistry, that ethers 
were produced firstly in the thermal decomposition of the alcohols and then 
they were further decomposed into olefines and water. The writer there- 
fore attempted to make clear the mechanism of the thermal decomposition 
of the alcohols by using Japanese acid clay as the catalyst and methyl, 
ethyl, n-propyl, n-butyl and n-amy] alcohols as the materials. 

The heat effects, Q:, Qe, and Qs, in the following three reactions, (4), (5) 
and (6), may be calculated by the succeeding three formulas, (7), (8) and (9), 
respectively : 


2R.CHOH =(R.CHasO + HO 4+Qs, 2c cccccccccccccccccccccecs (4) 
R.CH,OH =R’:CHe +Hs0+Qs, and ..........cccccccccess (5) 
(R.CHawO =BR’:CHe +HgD4+Qe.  ..cccccccccccccccccccccces (6) 
Q:=(ether) +(water)—2 (alcohol), .............ccceeeeceees (7) 
Q.=(olefine) +(water)—(alcohol), and ...............eeceees (8) 
Q;=2 (olefine)+(water)—(ether). ........cccccccccccccccccccs (9) 


Where, (ether), (water), (alcohol) and (olefine) represent the heats of forma- 
tion of ethers, water, alcohols, and olefines, respectively. 


The heats of formation of organic compounds are intensively described 
in Berthelot’s work or in Stohmann’s papers. But those of the five 
alcohols and ethers and the four olefines mentioned in this paper are not 
given by a series of the experiment and there are some differences according 
to the authors. J. Thomsen’s values are therefore adopted from his work 





(1) Amer. Chem. J., 2 (1880), 24. 

(2) Compt. rend., 144 (1907), 1110; Bull. soc. chim., [4] 1 (1907), 692. 

(3) Bull. soc. chim., [4] 3 (1908), 940. 

(4) ‘* Essai de mécanique chimique,” I, p. 406. Paris, Dunod, 1879. 

(5) Z. physik. Chem., 6 (1890), 334. 

(6) ‘Thermochemistry,’ translated by K.A. Burke, pp. 369, 467, etc. London, Longman, 
Green & Co., 1908. 
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and those not obtained experimentally are calculated by his formulas. 
Those values and the calculated Q;, 2Q2 and Q; are given in Table 1: 























Table 1. 
| | Heat of for- . . 
Substance | mation, Cal. Q:, Cal. 2Q., Cal. Q;, Cal. 
| 
Methyl alcohol 50.58 — — 
Dimethyl] ether 48.19 4.67 - 
Ethyl] alcohol 57.02 - - _ 
Diethyl ether 67.43 11.03 -— -- 
Ethylene —3.29 - —5.34 —16.37 
| n-Propyl alcohol | 63.66 - | -- | - 
Di-n-propy! ether 76.37 16.54 a= 
n-Propylene 2.06 _ ~ 7.92 —4.76 
n-Buty] aleohol 69.51 — 
Di-n-buty] ether 90.39 18.86 ‘ 
n-Butylene 6.49. | 8.94 9.90 
| 
n-Amy] alcohol 74.64 
Di-n-amylether | 104.41 | 22.52 . - 
n-Amylene 12.43 . 10.56 12.06 














The thermal effect, Q;, in the case of ether-formation is always larger 
than 2Q2 and Q;. Itis therefore assumed that when the alcohols are passed 
over the heated Japanese acid clay, corresponding ethers are firstly pro- 
duced and then the ethers decompose into olefines and water by the further 
action of the heated clay. Figs. 2,3 and 4 show the mutual quantitative 
relations between the decomposition products at different reaction tem- 
peratures from ethyl, propyl and buty] alcohols ; that the amounts of olefines 
and water produced increase with the rise in the reaction temperature, 
while that those of ethers and alcohols in the decomposition products 
decrease with the rise in temperature will sufficiently explain the above 
assumption. 

The Japanese acid clay used as the catalyst in the experiment is pro- 
duced in the Province of Niigata, giving the following analytical result : 
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Table 2. 


Composition of Japanese Acid Clay, per cent. 


Loss on : . 
H.O ignition SiO, Fe,0; Al.O, CaO MgO 
10.15 5.28 63.78 5.94 14.63 0.48 0.82 


The clay is well mixed with about 80 per cent. water and pressed 
through a 8-mesh sieve obtaining prisms having wrinkles on the sides. 
They are dried at 100°, cut into cubes and filled in a combustion tube of 
15mm. diameter to the length of 450mm., the weight of the clay being 
about 55grams. The glass tube is inserted into a porcelain tube to be 
heated electrically. The clay is previously heated in the glass tube at about 
350-400° for getting rid of water and for making active. When the clay 
thus treated attains a desired temperature, a sample is gradually dropped 
into a space in one end of the glass tube from a burett, which vaporises and 
is decomposed by the heated clay. A Liebig condenser, a special receiver 
for liquid and a gas-holder are attached to the other end of the tube. When 
the reaction is completed, the products in the receiver and the gas-holder 
are analysed. In the case of methyl alcohol, a washing bottle containing 
coned. sulphuric acid is inserted between the receiver and the gas-holder 





. for absorbing methyl] ether pro- 

zy [|| TT—__ duced by the reaction, which will 

90 |- , | naturally also absorb one part of 
the olefine, though it is not 


desired. 

~_ Generally, when the alcohols 
_| are passed over heated Japanese 
acid clay, corresponding ethers, 
olefines, aldehydes, water and 
sometimes esters are produced as 
the decomposition products. The 
amounts of olefines increase with 
the rise in the reaction tempera- 
ture, which is shown in Fig. 1. 


| d _| Above a certain temperature the 
200 250 300 350 400 amounts of olefines and water 
become almost constant, which 
shows the steady progress of the 
Fig. 1. reaction. 





Mole per cent. 











Temperature, °C. 
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The double bond of the olefine produced belongs to the carbon atom 
linked with the hydroxyl group: 


R.CH2.CHz,0OH —— R.CH:CHz. 


However, in the case of n-butyl alcohol, the olefine produced is a mixture of 
ethyl ethylene (C2H;.CH : CH2) and dimethyl ethylene (CH3.CH : CH.CHs), 
the latter being predominated (cf. Table 15). It may be assumed that the 
former is produced firstly and is changed into the latter stable form by the 
moving of the double bond by the further action of the heated clay. LeBel 
and Greene” and Sendrens® obtained the mixture by dropping n-butyl 
alcohol upon heated zine chloride or passing the alcohol over aluminium 
phosphate, which may be ascribed to the same cause. The ratio of the two 
olefines varies according to the reaction temperature, dimethyl ethylene 
being 2-6.5 times of ethyl ethylene. 

The amounts of ethers in the decomposition products decrease with the 
rise in the reaction temperature and almost zero at high temperature (cf. 
Figs. 2, 3 and 4). They also decrease as the molecular weights of the 
alcohols increase. From the fact that the values of Q’s are proportional to 
the molecular weights of the alcohols, the degree of olefine-formation from 
ethers will become easier according to the increasing molecular weights. 

It may also be mentioned that esters are produced at generally low 
temperature. In the case of ethyl alcohol, the ester is formed in compara- 
tively larger amount than the cases of the other alcohols. 

Methyl Alcohol. Pure methanol of Merck free from aldehyde and 
distilled over quick lime is used as the material, boiling point of which being 
65°. As the general procedure throughout the series, the alcohol is gradual- 
ly dropped into a space of one end of the reaction tube previously heated at 
a certain temperature and the decomposition products are collected in a 
receiver and a gas-holder attached to the other end of the reaction tube 
through a Liebig condenser. In the case of methyl alcohol, a washing 
bottle containing concd. sulphuric acid is inserted between the receiver and 
the gas-holder. The gas produced is analysed according to the ordinary 
method. The identification of the olefine is generally done through its 
bromide. After testing some qualitative properties of the liquid part of the 
decomposition products, it is fractionally distilled with caution and the each 
fraction is examined by proper methods. 

The experimental conditions, the decomposition products and the analy- 
tical results are summarised in Tables 3, 4 and 5: 





(1) Loe. cit. 
(2) Loe. cit. 
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Table 3. 


Experimental Conditions and Decomposition Products. 








Reaction | Dropping Decomposition Increase of 
tempera- rate of products weight of 
ture, sample, H.SO,- 

~~ °C, gr./min. 


Sample, 
Liquid, 
—_ gr. 
51.3 200 0.4 19 0.5 29 
41.8 200 0.4 24 0.5 15 
149.0 270 0.6 1.0 11 
64.0 270 0.5 26 0.5 19 
46.0 270 0.9 18 0.8 19 
135.1 400 0.4 64 12.7 
83.0 0.4 36 5.4 


Gas, L. | bottle, gr. 





























Table 4. 


Composition of the Produced Gas, volume per cent. 





Cn Hon CO. co 0; 





36.2 i7 0 
36.4 22 0 


























Table 5. 


Composition of the Produced 
Liquid, per cent. 





Alcohol Water Aldehyde 


31.6 52.6 0.09 
52.1 25.0 0.09 
74.2 9.2 
59.6 26.9 0.07 
27.2 63.9 0.06 
32.8 56.3 0.40 
31.7 60.6 0.68 
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A bromide obtained by carefully passing the gas of No. 5 into bromine 
water is washed, dried and distilled, two fractions being obtained. The one 
boils at 130-131° and the other at 140-141°. The former boiling point 
corresponds to that of ethylene dibromide and the latter to that of propylene 
dibromide. The olefine obtained is therefore a mixture of ethylene and 
propylene.” 

When the sulphuric acid solution of the 7th column of Table 3 is dropped 
into about same amount of water, a colourless gas is produced. The gas 
collected over mercury dissolves into water and condenses into a colourless 
liquid by introducing it into a small U-tube loosely filled with glass-wool and 
cooled at -35°, the liquid boils at -23.5°. It is therefore dimethyl] ether. 

When methyl] alcohol is passed over Japanese acid clay heated at 400°, 
a small amount of crystalline mass condensed at the inlet part of the Liebig 
condenser, which melted at 162-163°, after purified from alcohol, it will 
therefore be hexamethy] benzene.” 

In No. 7, a washing bottle containing water is used instead of a sul- 
phuric acid one, which resulted the increasing percentages of olefine, carbon 
monoxide and hydrogen in the produced gas. 

Ethyl Alcohol. Pure ethyl alcohol is used after distilling over quick 
lime and silver oxide, boiling point of which being 78°. The experimental 
conditions, decomposition products and the analytical results of the products 
are summarised in Tables 6, 7 and 8 and the mutual relation of the main 
products (in percentages to the sample) is shown in Fig. 2: 


Table 6. 


Experimental Conditions and Decomposition Products. 








Reaction eo Decomposition products; Ethylene 
No. Sample, gr. temperature,  .oiinle yield, 

oC ple, — “ 

; gr./min. Liquid, gr. Gas, L. | ~ 
8 3.¢ 200 0.12 of 6.81 
9 37. 200 0.13 5 oe 3.69 
10 6 200 0.14 ‘ 2. 3.27 
11 De 200 0.11 f 9. | 8.68 
12 56. 240 0.19 ‘ f 21.51 
13 57. 240 0.18 f F 21.02 
14 48 300 0.13 46.46 
15 54.6 300 0.15 Z 6 43.21 
16 51.6 400 0.17 3. 45.83 
17 ‘ 400 0.12 41.42 





(1) LeBel and Greene, loc. cit. 
(2) LeBel and Greene, loc. cit. 
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Table 7. 


Composition of the Produced Gas, volume per cent. 





























No. | CaHn | CO, CO 0, H, Co Mente 
See eee ee — See a th 
8 52.4 01 | 0.7 96 | 1.8 3.2 
9 47.8 0.5 1.2 | 11.2 | 1.3 3.0 
10 58.4 0.6 0.8 | 9.4 4.2 6.2 
1 64.9 3.2 0.3 7.2 | 3.8 8.6 
12 | 84.9 | 3.6 0.3 | 3.7 | 2.2 3.1 
3s | 87.0 2.0 | 0.4 3.4 | 2.3 3.7 
| 14 | 80.0 5.5 | 0.2 | 10.9 1.0 | 2.4 
1b | 884 5.2 | 0.2 6.2 | 1.4 | 3.6 
16 | 80.4 | 61 | 04 | 43 | 3.3 | 2.5 
| | | 
7 | 81.6 5.0 | 0.2 | 9.3 1.5 | 0.8 
Table 8. 


Composition of the Produced Liquid, per cent. 








No. Alcohol Water Ether Aldehyde Ester 
| | 
~ 41.4 14.6 42.1 0.16 0.89 
9 33.0 10.4 36.5 0.56 0.43 
10 35.8 11.6 | 37.1 0.40 0.32 
1 | 30.0 8.6 31.0 0.34 | 0.17 
12 31.7 37.0 | 15.3 0.17 0.16 
13 40.8 47.2 | 12.0 | 0.19 | 0.60 
14 2.6 92.1 | _ trace | 0.09 | i 
15 2.7 92.7 | 0 | 0.05 
16 trace 96.0 0 0.10 _ 
17 trace 94.4 0 0.06 — 
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The amounts of the gas, 
ethylene and water produced 
increase with the rise in tem- 
perature and they become 
almost constant at above 300°. 
The purity of ethylene increases 
also with the rise in tempera- 
ture. The amounts of ether 
and of the remaining unde- 
composed alcohol in the decom- 
position products decrease as 
the temperature rises. 

BA As stated above, the above 

| ga. ~ ~| +%facts prove that ether is firstly 

240 300 400 produced in the reaction when 

the temperature is not high, 

one part of which being de- 

Fig. 2. composed into ethylene and 

water, but it is almost com- 

pletely changed into ethylene and water as the temperature rises and the 
reaction proceeds in the same mode. 

n-Propyl Alcohol. Pure n-propyl alcohol of Eastman Kodak Co. was 
used after purifying with distillation, boiling point of which being 94°. 
The experimental conditions, the decomposition products and the analytical 
results of the products are summarised in Tables 9, 10 and 11 and the 
mutual relation of the main products (in percentages to the sample) is shown 
in Fig. 3: 





Temperature, °C. 


Table 9. 


Experimental Conditions and Decomposition Products. 





Reaction Drepying Decomposition products | Propylene 
Sample, gr. | temperature, sample, yield, 


°C. gr./min. Liquid, gr.| Gas, L. 7 


40 


80.8 200 0.75 70 10.5 5.6 
80.5 0.76 68 5.8 11.0 
151.0 250 1.67 18 C= 14.0 14.7 
111.0 1.28 63 22.4 32.5 
53.0 350 0.75 12 | 19.0 65.2 
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Table 10. 


Composition of the Produced Gas, volume per cent. 


Cn Hen co, Co O. H. 


23.0 of 17.0 
81.5 I. h 3.7 
84.0 
86.0 
97.0 


Table 11. 
Composition of the Produced Liquid, per cent. 
Alcohol Water Ether Aldehyde Ester 
12.9 0.17 


17.7 0.19 


3.8 0.24 


~] 
os 


7 


68. 
9. 


rs 
On 


wo os 0 


0.09 





The amounts of the gas and of 
propylene produced increase with the 
rise in temperature. When the reaction 
temperature is not high, the amount of 
n-propyl ether in the decomposition 
products is large, but small at higher 
temperature. The purity of propylene 
increases as the reaction temperature 
rises, it being 97 per cent. at 350°; the 
method is therefore applied to the 
;' . ; preparation of the olefine, the yield 
2 \ | being about 93 per cent. 

10 $< Sa n-Butyl Alcohol. Pure n-butyl 
(oscar J gicohol of Eastman Kodak Co. was 
a aed 500 - used after distillation, boiling point of 
Temperature, °C. which being 117°. The experimental 
Fig. 3. conditions, the decomposition products 
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and the analytical results of the products are summarised in Tables 12, 
13 and 14 and the mutual relation of the main products (in percentages to 
the sample) is shown in Fig. 4. 


Table 12. 


Experimental Conditions and Decomposition Products. 


Dropping 
rate of 
sample, 
gr./min. Liquid, gr.| Gas, L. 


Reaction 
temperature, 
<. 


Decomposition products —_ Butylene 


Sample < 
: ield, 
. 


gr. 


193.0 200 0.40 165 18.3 19.9 
48.2 250 0.40 25 7.5 36.1 
49.9 250 0.42 28 7.8 36.8 
64.3 300 0.53 23 16.5 62.3 
46.6 300 0.39 15 12.8 65.1 
51.5 350 0.47 13.1 60.6 
45.0 350 0.47 14 11.8 60.6 
52.3 370-3880 0.44 13.5 60.9 

370-380 , 0.40 14 12.3 60.4 


ra 


v 


~l 


320 


9 
2 
2 
2 
9 
26 
2 
2 
2 
2 








Table 13. 


Composition of the Produced Gas, volume per cent. 


Cn Hon 


83.7 
92.7 
94.2 
96.9 
94.7 
95.2 
92.4 
94.2 
96.1 
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Table 14. 


Composition of the Produced Liquid, per cent. 


Alcohol Water Ether Aldehyde 


67.0 29.2 1.2 0.37 
38.5 45.5 trace _ 
54.1 42.4 trace _ 
12.7 65.6 - 
16.7 70.0 

14.1 48.4 

11.6 67.0 

15.6 65.6 

17.3 68.6 





o 
= 
7) 
L 
ML 

2 

_— 


of 
Ether 


gp -Siter_| _ - 


200 250 300 350 375 


Temperature, °C. 
Fig. 4. 
When bromine is reacted carefully at low temperature, the produced 


gas absorbs it. The dibromide thus obtained is washed, dried and fraction- 
ally distilled, the result being shown in Table 15; 
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Table 15. 


Composition of Butylene Dibromide, per cent. 


temperature | “fractom® | *Compd. |. 6-Compd. 
250 10.2 12.8 76.9 
250 3.8 19.2 76.9 
300 10.0 12.0 78.0 
300 3.1 21.8 76.0 
350 9.6 25.8 64.5 
350 11.7 11.7 76.4 
370-380 8.6 30.4 60.9 
370-380 12.7 12.7 74.5 


In each case, the gas is therefore a mixture of dimethyl ethylene and 
ethyl ethylene ; the former being about 2-6.5 times of the latter. This fact 
shows that the latter is produced first and is changed into the former by 


the action of the heated clay: 
CHe.CHe.CH:CHe2 _—— CHs;.CH:CH.CHs 


The amounts of butylenes increase with the rise in temperature and 
become almost constant at above 300°. The amounts of ether and of buty] 
alcohol in the products decrease as the temperature rises. It is therefore 
assumed that the reaction proceeds steadily at above 300°. 


n-Amyl Alcohol. Pure n-amyl alcohol of Kahlbaum is used after 
distillation, boiling point of which being 137-138° and n’}*: 1.415. The 
experimental conditions and the decomposition products are shown in 
Table 16. 


Table 16. 
Experimental Conditions and Decomposition Products. 





Reaction yen ee Decomposition Products| Amylene 


Sample, rate o 
gr. — sample, 


gr./min. Liquid, gr. Gas. L. 


yield, 
oe 


0 


No. 


66 260-270 0.33 55 5. 32.0 
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The liquid part of the decomposition products was of two layers, the 
lower one was water containing a small amount of amyl alcohol. The 
upper layer was fractionally distilled with care first under ordinary pres- 
sure and then under reduced one, three fractions being obtained. The first 
boils at 35-39°, from which n-amylene is isolated, the dibromide of which 
boils at 187-189°. The second boils at 138-139° (n"}°: 1.417) and is undecom- 
posed amyl alcohol. And the third boils at 68-71°/12 mm. (n’j*: 1.430) and 
is di-n-amyl ether. The above result and the gas-composition are shown 
in Table 17. 


Table 17. 


Composition of the Products. 


Gas, volume per cent. Liquid, per cent. 
CO, co @ Alcohol Water Ether Amylene 


14.2 
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As early as 1904 it was stated by Richard Lucas,” Morgan,” and 
Kunschert™ that when a silver salt is dissolved in a cyanide solution, the 
molal ratio of combined cyanide to silver is usually two to one, though 
sometimes one to one, corresponding to the formulas Ag(CN); and AgCN -. 
In the literature generally, even in recent text books, the complex ion is 


(1) Z. anorg. Chem., 41 (1904), 193. 
(2) Z. physik. Chem., 17 (1865), 513. 
(3) Z. anorg. Chem., 41 (1994) 
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almost universally given as Ag(CN);. This may be due to the fact that 
the simplest of the double salts of potassium cyanide and silver cyanide is 
KAg(CN)2. 

Kunschert assumed that the e.m.f. of the concentration cell of copper 
cyanide in potassium cyanide solution was solely due to the difference in 
KCN concentration. It is probable, however, that at least an equally im- 
portant source of potential difference in silver ion concentration was pro- 
duced through the equilibrium Ag(CN)3Ag*+2CN~ by the change in 
concentration of cyanide. 

The works of Kunschert, Morgan and Richard Lucas are only necessary 
for me to add that their experiment were not well adapted to revealing the 
composition of the complex ion in solution. 

Bonner and Kaura” found that in KCN solutions saturated with CuCN 
the ratio of bound cyanide is always three and the ratio of KCN to CuCN 
is therefore two instead of 2.5. 

Bonner and Kaura determined the ratio of bound cyanide by simple 
titration method. I tried with this method to determine the ratio of bound 
cyanide about silver complex ion. 

Composition of the silver cyanide ion. In order to determine the 
ratio of combined cyanide to silver in the complex ion, I have employed a 
simple titration method. Varying quantities of the desired silver salt were 
dissolved in 100c.c. portions of an approximately moral sodium cyanide 
solution. The ‘‘ free’’ cyanide which was not combined with silver to form 
the complex ion, was determined by titrating with silver nitrate solution 
using potassium iodide to facilitate the detection of the end point. The 
difference between the total cyanide, as determined in the original sodium 
cyanide solution, and the free cyanide in a particular sample, gave the 
amount of cyanide combined with the silver to form the complex ion. The 
result are summerized in the following tables. 


Table 1. 


Sodium Cyanide and Silver Cyanide. 





Bound cyanide | Silver 
mol per liter mol per liter 


0.4660 | 0.0000 
0.2061 0,2389 
0.1422 0.1571 
0.1031 0.1089 
0.0770 0.0791 
0.0559 0.0591 
0.0301 | 0.0289 











(1) Chem. Met. Eng., 34 (1927), 84. 
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Table 2. 


Sodium Cyanide and Silver Chloride. 


yom he oS , Ratio 
0.1868 0.0000 — 
0-1549 0.1669 1.04 
0.1134 0.1218 1.06 
0.0999 0.1050 1.05 
0.0883 0.0903 1.02 
0.0738 0.0782 1.07 





Note: I have determined the concentration of silver nitrate by means 
of pure sodium chloride solution. In this case, I used potassium bichromate 
as the indicator. 


Table 3. 


Sodium Cyanide and Silver Thiocyanate. 


Bound cyanide Silver 








mol per liter mol per liter Ratio 
0.2318 0.0000 —- 
0.0908 “ 0.0983 1.07 
0°0676 0.0739 1.07 
0.0560 0.0615 1.09 
0.0463 0.0516 1.08 
0.0309 0.0323 1.04 
0.0193 0.0195 1.01 
0.0097 0.0103 1.05 
Table 4. 
Sodium Cyanide and Silver Oxide. 

Bound cyanide Silver . 
mol per liter mol per liter Ratio 
0.1852 0.0000 - 
0.0445 0.0486 1.09 
0.0129 0.0138 1.07 


0.0048 


ee RRR 
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Table 5. 


Sodium Cyanide and Silver Chromate.” 





‘aipeier seel por Ber Ratio 
0.1882 0.0000 - 
0.0357 0.0370 1.04 
0.0231 0.0263 1.13 
0.0217 0.0251 1.15 
0.0179 0.0186 1.03 


In all the above solutions the molal ratio of combined cyanide to silver 
is one to one, indicating the formula AgCN~. 


Yokohama Higher Technical School, 
Yokohama. 





(1) Prepared by the method given in Z. anorg. Chem., 41 (1904), 69. 








